ABSTRACT: Catfishes of the Family Ariidae are characterized as eurythermal and euryhallne inhabitants of estuarine waters. In the Southern Gulf of Mexico (Terminos Lagoon) there are 3 species: Arius felis, A. melanopus, and Bagre rnarinus. Juveniles of A. melanopus occur in the fluvial-lagoon system (FLS) in areas with oysters Crassostrea virginica, while adults occur throughout the lagoon. A.
INTRODUCTION
In tropical and subtropical America the family Ariidae is one of the most abundant fish groups in coastal lagoons and estuaries. For example, on the Mexican Pacific coast there are 13 species. Of these, Galeichtys (= An'us) caerulescens is the most abundant, while in the Gulf of lagoons and estuaries with permanent resident, migratory, cyclical, and occasional visitor species. This great variety of life cycles indicates that estuarine fishes play an important role in the ecology of these ecosystems as a form of energy storage within the ecosystem, and as transformers and regulators of energy (Yanez-Arancibia & Nugent 1977 , Deegan & Thompson 1985 , YanezArancibia 1985 . The diurnal and seasonal utilization of these ecosystems by fish, together with separation of the habitats for different life historystages, contributes to the high diversity in tropical estuaries.
The objectives of our study on Anus felis, A. melanopus, and Bagre marinus were ( 1 ) to determine and compare the spatial-temporal pattern of distribution and abundance; (2) to establish time and place of spawning; and (3) to establish feedings habits. These data are evaluated in relation to habitat requirements of each species. Data on sea catfishes may be relevant for understanding the small-scale anadromy in tropical coastal ecosystems. Moreover, sea catfishes are species with estuarine perspectives for future aquaculture.
STUDY AREA
Terminos Lagoon is a large (ca 2500 km2), shallow (X = 3.5 m) lagoon in the Southern Gulf of Mexico bordering Campeche Sound. The climate is humid tropical with a n annual rainfall of 1100 to 2000 mm, and tidal range is 0.3 to 0.7 m. Two inlets (Carmen Inlet and Puerto Real Inlet, to the west and east respectively of Carmen Island) connect the lagoon to the sea (Fig. l ) , and there is a strong westerly flow of water caused by the predominantly southeasterly winds. Because of this circulation pattern, there are semipermanent gradients of salinity, turbidity, nutrient levels, and sediment types (Yanez-Arancibia & , Yanez-Arancibia et al. 1983 ). There are 3 climatic periods, the rainy season from June to September, the winter storm (nortes) season from October to January, and the dry season from February to May. The southern part of the lagoon receives freshwater (6 X 10' m3 yrpl) from 3 main rivers. There is a great diversity of estuarine habitats, including high and low salinity mangrove swamps, seagrasses, marshes, high sedimentation areas, oyster reefs, and a mesohaline central basin. Five ecological areas are outlined in Fig. 1 and Table 1 . Salinity is high (up to 30 %o) in the north and northeast of the lagoon during the dry season. Benthic macroinvertebrates and fish assemblages are specific for each habitat and are controlled by salinity, fluvial input, turbidity and sediment types, detailed information on which is presented by Yaiiez-Arancibia & and Yanez-Arancibia et al. (1980 , 1983 .
METHODS
Field activities. Fish were collected with a 5 m shrimp trawl (mouth opening while fishing was 2.5 m; Table 1 ). Fish collection stations [ l Abundance, size, food and feeding habits, sex and gonadic maturity as a function of time and space were determined as described in Nikolsky (1963) , Randall (1968) , Yanez-Arancibia et al. (1976 , Hyslop (1980) , Lara-Dominguez et al. (1981) , Chavance et al. (1984 Chavance et al. ( , 1986 , Sanchez-Gil & Yanez-Arancibia (1985) .
The Relative Importance Index (RII) of Yanez- Arancibia et al. (1976) , was employed to quantify the relative importance of any trophic group (= items). This approach takes into consideration the frequency of occurrence and the weight of the food in the gut:
where RI1 = Relative Importance Index; F = frequency of occurrence for each food item expressed as a percentage; G = gravimetric percentage of each item. The RI1 index is expressed as a percentage with a natural range of zero to 100. (The abundance of each item as a parameter is not used because it erroneously gives the same importance to small and large organisms.) The RI1 index then is combined with the frequency of occurrence and the weight of food items into a trophic diagram (see for example Fig. 8 on food) . This dlagram represents the spectrum of food of one species, which is delimited by the gravimetric percentage, the percentage of frequency of occurrence, and the relative importance index in logarithmic scale, and is subdivided into 3 quadrants as follows. Quadrant I (ABCD) = area of occasional or circumstantial trophic groups of relahvely little importance. This quadrant is defined by a combined range of frequency and weight from 0 to 20 % and RI1 values from 0 to 10 %. Quadrant I1 (DEFG) = area of trophic groups of relatively secondary importance. This quadrant has a combined range of frequency and weight from 20 to 40 O/O and an RI1 range of 10 to 40 O/O. Quadrant I11 (HIJK) = area of preferred or main groups of relatively great importance, determined by a combined range of frequency and volume or weight from 40 to 100 % and an RI1 range of 40 to 100. The RI1 index has been used by Gracia & Lozano (1980) , Lara-Dominguez et al. (1981 ), Mallard Colmenero et al. (1982 , Chavance et al. (1984) , Yaiiez-Arancibia et al. (1985 , Aguirre-Leon & Yanez- .
RESULTS AND DISCUSSION

Abundance in relation to environmental parameters
Arius felis was captured in a salinity range from 0 to 37 %o (Fig. 2) , temperature from 21.5 to 32 "C, and water transparency from 0.3 to 2.1 m. Its abundance was positively related to salinity (r = 0.86). (Fig. 2) , temperatures from 22 to 31.5 "C and water transparency from 0.2 to 1.6 m. This species was evenly distributed with respect to salinity. 
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ranged from 140.5 to 219.4 mm (TL); the entire population averaged 160.1 mm, indicating that Terminos Lagoon is dominated by juvenile and subadult A. felis. In general, smaller sizes were found during the end of the rainy and beginning of the nortes season (October and November), while the largest individuals were present during the end of the nortes and beginning of the dry season (December and February) (Fig. 3C ). There were 2 biomass peaks for A. felis in June and November (Fig. 3B ). The November peak corresponded to a peak in density, but the June peak did not (Fig. 3A) . This is because the November biomass peak was due to the presence of a high number of juveniles, but the June biomass peak was due to fewer, but larger adults.
Arius melanopus also occurs throughout the year in the lagoon. Catches of individuals ranged from 24 in March 1980 to 420 in August 1980 (Table 3 
Spatial variation
Arius felis was widely distributed throughout the 5 major habitat types in Terminos Lagoon (Figs. 1 and 4). However, it was most common in the inner littoral area of Carmen Island (Stns 6, 7, 12, 13, 18, and ESP) and Puerto Real Inlet (PRI) ( Table 2 ; Fig. 4 ). This species was also common among communities of the inner shelf in the Southern Gulf of Mexico. Although A, felis has a broad distribution on the inner shelf, 68 O/O of this population is reported to be in the western portion of Campeche Sound in a typical marine habitat (YafiezArancibia & Sanchez-Gil 1986) . In Terminos Lagoon the greatest biomass (0.198 g m-2) and highest frequency of occurrence (59 %) occurred in areas with a Toldl  N 28  13  9  44  144  59  13  29  1  15  60  30  42  23  45  36  100  126  817  l63 (Fig. 4) . Small individuals occurred mainly in the central basin (Stns 8, 11, 14, and l ? ) , the eastern portion of the fluvial-lagoonal system (Stns 10, 15, and 16) and in Carmen Inlet (Stns 1, 2, and 5). Intermediate size classes were found in the inner littoral areas of Carmen
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Island (Stns 6, 7, 12, and 13). The largest size classes, although present throughout the lagoon, were most prevalent in the inner littoral region of Carmen Island (Fig. 4) . Arius melanopus was also widely distributed in all habitats in Terminos Lagoon (Figs. 1 and 5) . However, the highest values in biomass (0.392 g m-2), density (0.0199 ind. m-') and frequency of occurrence 
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(86 %) were found near areas of river discharge, especially in the southwestern and western portions of the lagoon (Fig. 5 ). The population structure of A.
rnelanopus in Terminos Lagoon consists of small and large fish ranging from 25 to 282 mm TL, (X = 132.7 mm TL) (Fig. 5) . Small individuals were found mainly in Carmen Inlet (Stns 1 and 2) and in the western portion of the fluvial-lagoonal systems (Stns 4 and 9). Intermediate size classes were found in the central basin of the lagoon (Stns 11, 14, and l?), in the western portion of the fluvial-lagoonal systems (Stns 10, 15, and 16) as well as the interior of the Palizada-del Este fluvial-lagoon system (Stn 3), and the northeast portion of the lagoon (Stn 18). Large fish were found throughout the lagoon, but mainly in the inner Littoral areas of Carmen Island (Stns 6, 7, 12, and 13) (Fig. 5) .
Bagre marinus was collected mainly in Carmen Inlet, and to a lesser degree in the central basin and areas of freshwater influence (Figs. 1 and 6 ). This is a common species in communities of the inner shelf in the Southern Gulf of Mexico with a broad distribution; nevertheless, over 80 O/O of this coastal population is found in the western portion of Campeche Sound in areas highly influenced by land run-off (Yafiez-Arancibia & Sanchez-Gil 1986). In Terminos Lagoon, the greatest biomass (0.008 g m-'), density (0.0009 ind. m-2), and frequency of occurrence (38 %) were in Carmen Inlet which is a highly variable portion of the system (Table l) juveniles 79 to 240 mm TL (X = 107 mm TL) (Fig. 6 ).
Small individuals occurred in the Carmen Inlet area (Stns 1, 2, and 5) (Fig. 6 ), while larger fish were prevalent in the eastern portion of the fluvial-lagoon system (Stns 10, 15, and 16).
Maturity and seasonal reproduction
Arius felis. All the gonadal maturity phases proposed by Nikolsky (1963) were noted. Individuals in Phases I, 11, and V11 were present in our collections throughout the year. The greatest quantity of Phase 111 occurred in June, while Phase IV was only present from June to September. Individuals in Phase V1 were caught from August to December (Fig. 7) Sanchez-Gil 1986) . Spawning takes place at a n average salinity of 24.8 %Q, a n average temperature of 30.3 "C and average transparency of 49 "h, in depths not exceeding 3.5 m. Arius melanopus. All maturation stages also were observed for this species. Individuals in Phases I, 11, and V11 were present throughout the year, while individuals in Phase I11 of gonadal maturation were collected mainly from April to September. Those in Phase IV were only found from April to September and spawning adults (Phase VI) were recorded only from March 1980 to January 1981 (Fig. 7) .
The minimum size at which females reached Phase 111 (in maturation) was determined to be 144 mm TL. Data on maturation stage (Phases 111, IV, and VI) in relation to fish length were analyzed in order to determine at what length 50 % of females are expected to mature; it appears that length at first maturation is 187 mm TL. Males from 163 to 211 mm TL with eggs and/or embryos in their mouths were captured from June to September in the western portion of the fluviallagoonal system (Stns 3, 4, and 9). The breeding season for Arius melanopus is from April to September (near the end of the dry to rainy seasons), and takes place in areas of persistent fluvial influence, mai.nly towards the western portion of the fluvial-lagoon system. Salinity averaged 21 '%0, ternperatures 29.4 "C, and transparency averaged 37 % in depths not exceeding 3.5 m.
Bagre marinus. Only Phases I and I1 of the gonadal maturity stages were observed for this species. The greatest abundance (34) of individuals in Phase I occurred in November 1980. Gunter (1945) and Pew (1971) established that the spawning of this species takes place near the shoreline in shallow areas, and Gunter (1945) reported 70 d as the oral gestation period in Texas, USA. Spawning presumably occurs on the adjacent continental shelf at depths lesser than 20 m during April to June (dry season) (Yafiez-Arancibia & Sanchez-Gil 1986). Therefore juveniles of ages from ca 2 to 4 mo appear to recruit to the lagoon from June to November during the rainy and nortes seasons. Similar observations have been made by Lara-Dominguez & Yanez-Arancibia (1986) and Yafiez-Arancibia & Sanchez-G11 (1986).
Food and feeding habits
Arius felis. Adults ingested a broad spectrum of food (Table 5 ) comprised of at least 16 categones (items). According to the index of Yafiez-Arancibia et al. (1976) , adults greater than 200 mm TL feed primarily on unidentified organic matter; the secondary food is crustaceans, fishes, and blue crabs; and circumstantial foods make up other trophic groups (Fig. 8) . As noted previously, this method of assessment combines information on weight of food items, frequency of occurrence and the RII.
Arius felis is predominantly a second order consumer feeding on detritus, meio-and macrobenthic fauna, and fishes, and occasionally is a third order consumer. The diet changed with size and locality; luveniles (less than 200 mm TL) prey on small crustaceans such as amphipods, shrimp, blue crabs, mollusks, and annelids (Table 5) , while the greater proportion of the adults' food are large prey such as fish (Table 5 ; Fig. 8) .
Arius melanopus. Adults of this species also ingest a broad spectrum of food (Table 5 ) composed of at least 16 food categories. According to the index of YaliezArancibia et al. (1976) the main food of ad.ults (> 160 mm TL) is unidentifiable organic matter (MOND). The secondary food is comprised primarily of crustaceans and mollusks. This species is predominantly a second order consumer omnivore in Terminos Lagoon and there are no diet differences with size (Table 5 ; Fig. 8 ).
Bagre marinus. This species is a second order and occasionally third order consumer with a diet composed of a least 12 types of food (Table 5 ) . According to the index of Yanez-Arancibia et al. (1976) , the main food of juveniles is unidentifiable organic matter (MOND); the secondary food is made up of fishes, with smaller amounts from other trophic groups (Fig. 8) .
Ecological synthesis and conceptual models Arius felis. This species migrates continuously between the lagoon and the adjacent inner shelf throughout the year. Apparently, there are 2 principal inmigrations from the sea. The first occurs between ~Llarch and June (principally in May), and consists of adults which colonize shallow, protected spawning areas. The second, between September and November (principally November), consists of juveniles which have migrated to the lagoon from the Puerto Real Inlet and the inner western shelf areas.
Based on the data we have presented on distribution, feeding, and life history stage, we have developed a conceptual model of the ecological interactions of Arius felis (Fig. 9) . Towards the end of the dry season and the beginning of the rainy season ('1' in the diagram in Fig. 9 , upper left) there are sexually mature adults present in the coastal environment. These adults migrate from deeper water towards shallow, protected areas of the eastern section of the adjacent continental shelf and enter Terminos Lagoon through Puerto Real Inlet, and move to the inner littoral areas of Carmen Island and the eastern portion of the lagoon (Estero Sabancuy), based on our observations of juvenile distribution and gonadal index. These locations are used for reproduction and nursery areas. During the nortes season ('2' in Fig. 9 , upper left), juveniles and postreproductive adults leave the spawning areas, cross the central basin of the lagoon and move to Carmen Inlet where they migrate, mainly to the adjacent continental shelf, or sometimes towards the other ecological subsystems within Terminos Lagoon. Marshes and areas of freshwater influence in the lagoon and the shelf are feeding areas for adults; gonadal maturation of juvenile preadults take place during the dry season ('3' in upper left of Fig. 9) .
Finally, maturing adults leave the feeding areas for breeding and nursery areas. The migration of Arius felis in Terminos Lagoon generally follows the prevailing east-west current pattern. Seasonally, the migration is influenced by high salinity conditions in inner littoral areas of Carmen Island and the northern lagoon during the reproduction period; juveniles are principally associated with low salinlty areas.
Arius melanopus. Compared to Arius felis, A.
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NI: Relative I m p o r t a n c e I n d e x Table 5 melanopus is a typically estuarine species, completing its entire life cycle in Terminos Lagoon. This species is one of the most abundant sea catfishes in terms of number and biomass, and is one of the best adapted both morphologically and physiologically to the lagoon-estuarine system (Yaiiez-Arancibia et al. 1980) . The data suggest that the species carries out migrations within the lagoon for reproductive and feeding purposes.
A conceptual model for Anus melanopus, based on data presented above, is shown in Fig. 10 . At the end of the dry season a n d beginning of the rainy season ('1' in Fig. 10, upper left) Fig. 10, upper left) , the inner littoral areas of Carmen Island are feeding zones for both adults and preadults. Finally, maturing adults leave the inner littoral areas of Carmen Island and return to the spawning areas. Salinity, temperature and turbidity gradients seem to be the most important factors related to the proposed model (Fig. 10) . Based on analysis of distribution trends, reproductive movement is in the same direction as the prevailing currents whereas the feeding movement is against the current. Bagre marinus. This is mainly a marine species, typical of the demersal fish communities of the adjacent continental shelf (Yariez-Arancibia et al. 1985 , Yafiez-Arancibia & Sanchez-Gil 1986 . Apparently, B. marinus enters Terminos Lagoon and is a cyclical component of the fish community of this ecological system since it is only present during the rainy and nortes seasons. It carries out important stages of its life cycle in the lagoon-estuarine environment such as feeding and nursery.
A conceptual model for Bagre marinus is illustrated in Fig. 11 . At the beginning of the rainy season ( ' l ' in Fig. 11, upper left) , the species reproduces in shallow waters of the western sector of the adjacent continental shelf. This zone also serves as a nursery area. At the end of the rainy season and the beginning of the nortes season ('2' in Fig. 11 upper left) , juveniles leave the mouths of adult males and remain in the shallower protected areas of the shelf, or enter Terminos Lagoon through Carmen Inlet where they feed and grow. Postreproductive adults at this time of the year move to deeper water of the shelf. At the end of the nortes season ('3' in Fig. 11, upper left) , juveniles leave the lagoon through Carmen Inlet, moving toward deeper areas, where they continue growing and reach gonadal maturity. The migrabon pattern of B. mannus is principally associated with juvenile and preadult feeding strategies. The species immigrates to Terminos Lagoon through Carmen Inlet against the current pattern, from greater to lesser depths, transparency and salinity, but from lesser to higher temperatures. Migration from the lagoon to the sea occurs through the same passage following the prevailing water movement.
CONCLUSIONS
The partitioning of spawning areas in different habitats within Terminos Lagoon illustrates that the 3 sea catfishes are capable of colonizing most lagoon habitats and utilize a trophic spectrum width peculiar to each species. Such adaptative strategies are very advantageous in inter-and intra-specific competition. As an example, Arjus melanopus breeds in the southern fluvial-lagoon systems and wetlands associated with Terminos Lagoon, A. Eelis spawns in the northern seagrass meadows areas including Puerto Real Inlet and the adjacent inner shelf, whereas Bagre mannus breeds in the inner shelf adjacent to Carmen Inlet.
In tropical latitudes the biological patterns are directly related to high productivity in coastal waters, large supply of organic matter, increased food availability, and protection from predators. Because of this, estuary-sea or swamp-estuary fish migrations may be interpreted as small-scale anadromous adaptations. This is an important viewpoint when considering future sea catfish aquaculture.
